direct effects of its cytokine production [10] . Interleukin-17 (IL-17) is the product of Th17 cells and implicated in various immune and inflammatory processes [11] , and there exists evidence supporting the association of IL-17 with schizophrenia [12, 13] . It is being increasingly recognized that gut permeability may play a pivotal role in schizophrenia [14] . Given that Th17 cells play a predominant role in mucosal cell integrity and defense [15] , Th17 cells and their major product IL-17 may intimately interact with schizophrenia. In animal models, maternal immune activation strongly predisposes offspring to schizophrenia risk [16] . It is demonstrated that prenatal infection leads to the development of Th17 cells and might affect the production of IL-17 in mice offspring [17] . All of these pieces of evidence suggest that IL-17 dysfunction may be involved in the immune abnormalities of schizophrenia.
Although recent studies reported increased IL-17 concentrations in antipsychotic-naïve psychotic patients [13, 18] , the results were not consistent [19] [20] [21] . Such poor replication can arise from several different factors. For example, small sample sizes result in low statistical power of detection, coinciding with increased rates of both false positives and false negatives and subsequently difficulty in replicating or refuting previous results. Overcoming these limitations is difficult; however, meta-analysis offers a superior option since it allows easily surveying a broad set of subjects, thereby enhancing power and allowing for a more broadly based analysis of previously available data.
To the best of our knowledge, there is no meta-analysis exploring the association between IL-17 and psychosis. To address the conflicting results, we pooled results of all published original association studies to determine the overall strength of a putative association between IL-17 and schizophrenia. It is known that IL-17 expression is influenced by antipsychotic drugs. Therefore, we only included drug-naïve patients in this study.
Methods

Study Selection
We systematically searched through computerized literature databases PubMed and Embase before April 16, 2017 . The primary search strategy was (schizophrenia or psychosis or schizophrenic disorder) and (interleukin-17 or interleukin17 or IL-17 or IL17 or IL 17), limiting the results to human studies published in English. The reference lists of identified articles were also screened. First, all studies were imported to the literature management software Endnote X7 to eliminate duplicated records. Then we conducted a preliminary screening of reports by reading titles and abstracts. Some initial matches were excluded because they (1) were review articles, (2) were animal studies, (3) were genetic studies related to cytokines, (4) were in vitro studies, or (5) did not present cytokine data. Finally, the full texts of potentially relevant articles were downloaded for the second round of screening. The inclusion criteria were as follows: (1) published in English before April 16, 2017, (2) patients with first-episode psychosis (FEP) including the following schizophrenia spectrum disorder: schizophrenia, schizoaffective disorder, schizophreniform disorder, and psychotic disorders not otherwise specified, (3) diagnosis was established using International Statistical Classification of Diseases and Related Health Problems (ICD) or Diagnostic and Statistical Manual of Mental Disorders (DSM), (4) assessment of circulating cytokine IL-17 levels with blood samples (in vivo studies), and the blood samples from the patients were collected before application of antipsychotics, and (5) data was presented as mean and standard deviations (SD) (or standard error, SE) for IL-17 about patients and healthy controls. The exclusion criteria were: (1) studies without a control group, (2) studies that did not present mean and SD (or SE) for IL-17 level, and (3) patients with FEP having received antipsychotic drug treatment.
Two authors independently completed the preliminary screening based on titles and abstracts and retrieved full texts to evaluate final eligibility of studies according to relevant inclusion criteria. Any discrepancies were resolved by discussion and consensus.
Data Extraction and Statistical Analysis
We extracted data from identified studies including the name of the first author, year of publication, location of the study, diagnosis of FEP, and criteria used to make the diagnosis. Publications pertaining to the same research group were checked for potential data overlap. Sample size, mean, and SD for drug-naïve FEP and control subjects for IL-17 assessed in each study were recorded. Results were converted to standard units (pg/mL) when necessary, and the SE [19] was transformed to SD through the formula: SD = SE × √n (n: sample size). After recording this information, data were pooled into a database and analyzed using Review Manager 5.3 software. The random-effects model was selected as more conservative than the fixed-effects model, giving a lower type I error and wider confidence intervals. Its usage was indicated by the considerable heterogeneity in the studies included [22] .
Results
Study Characteristics
A total of 95 articles were retrieved. After removing duplicated records and screening the data according to the predefined inclusion and exclusion criteria, 9 studies were selected. Among the 9 articles, 2 studies by Borovcanin and colleagues published in 2012 [19] and 2013 [23] were based on the same sample, and 2 studies by Noto and colleagues published in 2014 [24] and 2015 [21] were also based on the same sample. Additionally, 2 studies included a mixture of samples of drug-naïve pa-tients and those drug free for at least 3 months [12, 25] . Because no stratified data was provided in the articles, we excluded these studies. Finally, 5 articles (a total of 313 patients with drug-naïve FEP and 238 healthy control subjects) were included in this meta-analysis (Fig. 1) [13, [18] [19] [20] [21] . With regard to the tissue of the blood samples, all of them were from serum except for one from plasma [13] (Table 1) .
Meta-Analysis
As shown in Figure 2 , there were no significant differences in blood levels of IL-17 (Z = 1.25, p = 0.21) between FEP and HC subjects, while there was a high heterogeneity in effect size estimates (I 2 = 77%). In subgroup analyses, although the heterogeneity declined (I 2 = 50%), we still did not find statistical differences after removing 2 studies which were not European samples (Z = 1.57, p = 0.12) [13, 20] . 
Discussion
This is the first meta-analysis addressing the blood IL-17 levels in drug-naïve FEP patients and normal healthy controls. The major finding of our meta-analysis is that blood IL-17 levels have no significant differences between these two groups in a mixed population. After removing 2 studies from Asian and Latin America, we also did not find statistical differences between the case and control groups. Our results implied that IL-17 may not be involved in the pathological mechanism of schizophrenia; however, our results should be interpreted with caution in light of small numbers of studies and high heterogeneity and some potential confounding factors.
The main strength of this meta-analysis is that we strictly examined drug-naïve FEP patients, whereas previous meta-analyses often included a mixture of drug-naïve and drug-free populations, ruling out the compacts of some confounding factors which can interfere with immunological processes of the human body, i.e., administration of antipsychotics and the course of disease. Ding et al. [13] found a significant decrease in the proportion of Th17 cells and a trend of decrease in plasma levels of IL-17 after 4 weeks of risperidone treatment in first-episode schizophrenia, and Dimitrov et al. [26] found significantly decreased levels of IL-17 in chronic schizophrenia patients compared to the controls. In contrast, Himmerich et al. [27] demonstrated that antipsychotics may increase the production of IL-17. Taken together, antipsychotic treatment may have a direct impact on the levels of IL-17 and confuse the results of IL-17 in psychosis. It has been proposed that chronically activated immune cells and other related cells release inflammatory cytokines that give rise to the structural and functional neuronal changes over time seen in schizophrenia [28] . Meanwhile, chronic cytokine secretion may be caused by the out-of-balance state of the neurotransmitter such as dopamine and gamma-amino butyric acid (GABA-γ) in schizophrenia [29] . Therefore, studies performed in drug-naïve FEP patients might provide stronger evidence to understand the role of inflammation in psychiatric diseases.
There are several limitations in this study. First, we only included IL-17 in this study, and it may result in potential bias. Second, there is a high heterogeneity of included studies in this meta-analysis. This may be caused by the samples that originate from different areas. Third, it should be noted that most potential confounding factors were not fully controlled in our included studies, such as age, smoking habits, body mass index, etc. Finally, it is known that the time of sampling and whether blood was taken under fasting conditions may influence the level of IL-17. Although all of the blood samples were obtained before the administration of the first dose of antipsychotics, most studies did not point out the sampling time and whether there was fasting or not. In summary, further investigations need to focus on the drug-naïve FEP patients at the early stages and in numbers large enough to allow for other confounding factors known to influence cytokine levels to be controlled, and to explore IL-17 level in brain tissues, not just peripheral level, in order to provide robust evidence regarding the role of IL-17 in the immune-inflammatory mechanisms of psychotic disorders. More importantly, rather than single cytokines, studies should to explore more related molecules in a common pathway. To explore the interaction of cytokines, hormones, and neurotransmitters in larger studies of higher quality may lead to further improvement for diagnosis of schizophrenia and other specific psychotic diseases and to finding new strategies for better treatment approaches.
